Aim: The aim of this study was to investigate the dental status of alcoholics; to evaluate the relationship of unstimulated and stimulated saliva pH on their decayed/missing/filled teeth (DMFT); and to evaluate the relationship of unstimulated and stimulated salivary flow rate on their DMFT.
INTRODUCTION
Alcohol dependency is a condition characterized by psychological, physiological, and pathological changes, all of which are directly relevant to dentistry (1) . The psychological effects and the personality changes in the abuser may affect the patient/ dentist relationship, as alcoholics take a reduced interest in seeking and paying for dental care. The physiological effect of alcohol intoxication may lead to the inability to understand and accept advice given by healthcare workers, which in turn results in non-compliance (1) . Oral health neglect is a common feature of psychoactive substance (alcohol) abuse (2) (3) (4) . Contrary to expectations, some reports indicate that alcohol may have a protective role. Alcohol has been thought to influence dental caries via the microbial oxidation of ethanol in saliva in alcohol abusers. The oxidation of ethanol in saliva results in the formation of acetaldehyde, which inhibits the growth of cariogenic oral flora (5, 6) . Warnakulasuriya et al. showed that certain alcoholic beverages available in the UK contain high levels of fluoride. This means that anyone who consumes 3 cans of beer a day in the UK would receive the recommended daily upper limit of fluoride through beer alone (7) . As most alcoholics may consume more than 3 cans, their exposure to higher levels of fluoride via alcoholic beverages may reduce their caries susceptibility. Alcoholic beverages may also enhance fluoride release from restorative materials such as compomers (8) .
A report on alcohol-dependent patients in Denmark in 1996 indicated that alcohol abuse does not directly lead to an increase in dental caries. The authors found that any possible increase in dental caries might be attributed to poorer social status and oral hygiene rather than long-term alcohol consumption (9) . Radiological evidence suggests that dental health in individuals dependent on alcohol is characterized by more caries, more horizontal bone loss, and an increased number of vertical infrabony pockets compared to the levels observed in social drinkers (10) . Salivary flow is considered to have a caries-preventive effect by influencing the rate of microbial clearance: the higher the flow rate, the faster is the clearance rate (11) . The effects of chronic alcohol consumption on saliva secretion or salivary composition are not yet fully understood (11, 12) . Moderate ingestion of ethanol stimulates the flow of saliva from the parotid gland (13) , whereas acute alcohol consumption reduces the rate of salivary flow (14) .
The aims of this study were to: 1) establish the decayed/missing/filled teeth (DMFT) value in a group of institutionalized chronic alcoholics and non-alcoholics; 2) evaluate the relationship of the unstimulated and stimulated saliva pH value on DMFT in alcoholics; and 3) evaluate the relationship of unstimulated and stimulated salivary flow rate on DMFT in alcoholics.
MATERIALS AND METHODS

Study Population
A cross-sectional study was conducted in a group of 140 subjects, 70 of whom were assigned to the test group (alcoholics) and 70 to the control group (demographic data are given in Table 1 ). The subjects from both groups were aged from 26 to 51 years. The study was approved by the Ethical committee of the Ormož Psychiatric Hospital, and informed consent was obtained from each study participant. The subjects from the test group were treated for alcohol dependency (as defined by the ICD-10 classification of mental and behavioural disorders) at the Ormož Psychiatric Hospital Addiction Ward, in the Republic of Slovenia. An equal number of matched control subjects who did not consume alcohol and whose medical histories did not indicate alcohol dependence were recruited from a public health dental practice as controls.
The data was gathered via clinical examination, and each participant was given a questionnaire to complete. The questionnaire was used to record standard demographic data (name, surname, age, profession), medical history regarding general health, the type of alcohol beverage typically consumed (beer, wine, or spirit), frequency, duration of use, and smoking habits. The oral examinations took approximately 15 min, and the questionnaire took about 20 min on average.
Clinical Examination
Using a feasibility-sampling scheme, all newly admitted subjects in residence or in attendance on the day of the visit were approached and invited to a dental and oral examination. The examinations were performed in accordance with the standard World Health Organization protocol for dental caries examination and categorization (15) . All teeth examined were included in calculation of the DMFT index. A masked, experienced dental practitioner conducted a clinical examination by using an explorer and a dental mirror under standard dental operating lights (T.T.D.). All teeth were examined in the same order for each patient. A total of 15 patients were scored twice on separate occasions to test reproducibility and agreement between the scores. The intraclass correlation coefficient was 0.93.
Establishing and Registering Salivary Status
Salivary status was established by measuring the flow rates and pH levels of unstimulated and stimulated saliva. The unstimulated salivary flow rate was obtained by measuring the participants' expectoration into a graduated test tube through a glass funnel. The sample's pH level was then determined using a colorimetric method that involves the use of pH Indicator Paper (Merck KGaA, Darmstadt, Germany). The stimulated salivary flow rate was determined by asking participants to chew 1.5 g of pure wax warmed up to approximately 50°C. The saliva expectorated was gathered into a graduated test tube. After 5 min of this exercise, the pH level of the stimulated saliva was immediately determined using the colorimetric method, followed by an evaluation of the salivary flow rate. It is important to immediately determine the pH level of the stimulated saliva because exposure to air quickly Table 1 . Demographic, behavioural and DMFT characteristics of the study subjects changes pH values, shifting them into the alkaline range due to the loss of carbon dioxide. A detailed explanation about establishing and registering salivary status was provided previously (16) . For registration purposes, the unstimulated saliva flow rates were categorized into 3 groups: a) <0.5 mL/min; b) 0.5-1 mL/min; and c) >1 mL/min; where no participant showed an unstimulated flow rate of over 1 mL/min.
The stimulated salivary flow levels were also categorized into 3 groups: a) <1 mL/min; b) 1-2 mL/min; c) >2 mL/min. The pH levels of the unstimulated and stimulated saliva were registered as follows:
(a) ≤4; (b) 5; (c) 6; (d) 7; and (e) ≥8.
Data Analysis
Descriptive statistics were used for data analysis. The data collected were analyzed using SPSS for Windows, Version 11 (SPSS, Chicago, USA). The between-group differences were tested using one-way and two-way variance analyses; an ad hoc test was used where needed. The correlation between nominal variables was determined using χ 2 test (α = 0.05), whereas the correlation between interval variables was determined using Pearson's correlation coefficient (α = 0.01).
RESULTS
The demographic and behavioural characteristics of the study subjects are presented in Table 1 . There was no difference in DMFT according to the type of alcoholic beverage typically ingested (beer, wine, or spirit) in the alcoholic group. DMFT was 14.40 in the test group and 13.44 in the control group (Table 1) . Comparison of DMFT in both groups revealed no statistically significant difference (p>0.05). The D and M components were greater in alcoholics than in the control group (p<0.05). There was a statistically significant negative correlation between alcoholism and the unstimulated salivary flow rate (p<0.05) ( Table 2 ). There was no significant correlation between alcoholism and stimulated salivary flow rate (p>0.05) ( Table 2) . The relationship of stimulated salivary flow on DMFT was not found to be statistically significant (p>0.05). Generally, the pH levels of the unstimulated saliva did not affect DMFT. The pH levels of the unstimulated saliva from the alcoholic group ranged from 5-7, whereas the pH ranged from 6-8 in the control group. Because the pH levels of most participants from both the alcoholic and the control group were within the range of 5-7 (60% of the alcoholic group and 71% of the control group), a comparison was made within that pH range, yielding no statistically significant differences in terms of DMFT. The pH levels for unstimulated and stimulated saliva were significantly lower in the alcoholics group than in the control group (p<0.01). DMFT and pH levels of unstimulated saliva (at pH 6-7 and 7-8) were compared in the control group; there was no statistically significant difference (p>0.05). The pH level of the stimulated saliva did not significantly affect DMFT (p>0.05). The pH measurements showed that pH levels of stimulated saliva from the control group were somewhat higher than the pH levels of saliva samples obtained from the alcoholic group. There was a statistically significant correlation between alcoholism and the pH value of stimulated saliva (p<0.01) ( Table 2 ). There was no correlation between the amount of alcohol units consumed and the number of carious lesions in a given patient (p>0.05).
DISCUSSION
Smoking and alcohol abuse were found to be related, with 82.9% of the subjects interviewed reporting both habits, which agrees with the previous findings (17) . No major differences were found in the DMFT indexes for the alcoholics as compared to the control group. The missing (M) component was higher, and the filled (F) component was lower, which was significant. In another study, alcohol abusers had DMFT of 17.79, while alcohol and drug abusers had DMFT of 15.67 (18) . Among alcoholics, the M component was higher, and the D and F components were lower. It is possible that the "alcohol only" group had fewer decayed teeth due to the presence of fluoride in alcoholic drinks and/or the inhibitory effect of alcohol on cariogenic flora. Alcohol may also enhance the release of fluoride from certain restorative materials. Table 2 . pH and salivary flow rates of unstimulated and stimulated saliva among the study subjects These factors as well as the possibility that alcoholics probably sought and received dental care less frequently may explain why they had fewer filled teeth (18) . The possibility that alcoholics have less dental care could explain low F component and high D and M components among alcoholics in our study. Rooban et al. reported a mean DMFT of 3.31, 3.24, 4.09, and 2.89 for alcohol-only abusers, those who abused alcohol and chewed tobacco, and those who smoked tobacco and abused alcohol, and alcohol with smoking and chewing tobacco (19) ; the differences between the groups were statistically significant. The authors stated that changes in oral micro-flora owing to tobacco use and alcohol may play a critical role in the initiation and progression of dental caries. Other reports that evaluated the occurrence of caries in alcoholic individuals have reported conflicting results (4, 20) . These variations may be due to factors such as the duration and type of alcohol abuse, sugar consumption, oral hygiene, smoking habits, and time since the last visit to the dentist. Alcoholics and substance abusers are known to have poor oral health. This may be the explanation for the higher number of missing teeth (M) in our study, but there was no significant difference in DMFT or in the caries component (D) when the alcoholics and control individuals were compared. Signoretto et al. showed no significant differences in DMFT between the analysis subgroups (21) . The lowest DMFT indexes (6.8, 7 .65) were found in rare coffee and wine drinkers, respectively, while DMFT in non-users was 8.36. This negative result may be explained by the fact that the DMFT index takes the patient's entire dental history into consideration. Thus, caries and tooth loss may have occurred before the acquisition of healthy drinking habits. More detailed studies are needed on the identification of specific food components that play a role in oral health (21) . Alcohol is currently considered as an independent risk factor for periodontal disease, and therefore, one can expect fewer teeth in those who drink alcohol (22) . A case-control study of Finnish alcoholics revealed significantly fewer teeth and more remaining teeth with caries (10). This could be the result of psychological effects and personality changes in the abuser that may result in reduced interest in seeking and paying for dental care. The physiological effect of alcohol intoxication may lead to the inability to understand and accept advice given by healthcare workers, which would in turn lead to non-compliance. Less frequent dental care would explain why the alcoholics had fewer filled teeth.
Flow
Numerous reports indicate that the non-alcoholic ingredients in alcoholic beverages have an effect on dental caries (23-28). One study evaluated whether different drinking habits (coffee, tea, wine) could be related to differences in oral microflora. In vitro studies show that these beverages may retard bacterial adhesion (21) . Cheynier showed a significant reduction in the mean number of general oral microorganisms as well as specific odontopathogens such as S. mutans and Lactobacilli in wine drinkers as compared to controls (29) . It could be postulated that the consumption of these drinks may interfere with ability of oral bacteria to adhere to teeth in vivo, as previously shown by in vitro experiments. In conclusion, the ingredients from red and white wine could contribute to oral health by reducing the DMFT index. According to the above mentioned reports, certain components in wines and alcoholic beverages destroy or reduce oral pathogens. This could explain quite similar DMFT and D component among alcoholics and the control group in our study, but further research will be necessary to determine the validity of this hypothesis.
Alcohol consumption may also affect food habits and thereby affect dental caries. Carmonna-Torre et al. stated that wine may be superior to other alcoholic beverages in protecting against cardiovascular disease (30) . The participants in our study were mainly from Slovenia, which is a Mediterranean country where most individuals consume a Mediterranean diet. Nonetheless, it was difficult to determine with certainty which type of alcoholic beverage the study population preferred. Although 35.7% of the alcoholics in this study preferred wine, alcoholics consume a variety of alcoholic beverages every day. According to previous reports (21, (23) (24) (25) (26) (27) (28) , there are some components in alcoholic beverages that have caries protective role, but it was therefore difficult to determine which beverage in particular, if any, protects against caries in our study. The data on alcohol type and quantity are based on the participants' self-reported information. The possible connections between alcohol and protection against caries are complex and should be investigated in futures studies.
Salivary flow rate and changes in pH may have influenced the DMFT index. The differences in saliva pH values are obviously caused by the differences in flow rates, as low flow rates result in low pH values. The results showed that the parotid and overall salivary flow rates were closely correlated to the intensity of the secretion-inducing stimulus applied (taste, chewing, or pilocarpine) (31) . Notably, the bicarbonate (HCO 3-) ion mediates saliva buffering and pH regulation and protects against dental caries and erosions (32) . The highest mean saliva concentration of HCO 3-was found in stimulated saliva (31) . The rate of stimulated salivary flow was similar in both groups, which may explain the lack of any significant difference in the DMFT index. The results from our study show that no significant association was found between unstimulated salivary flow rate and DMFT values.
This study has certain limitations. First, caries is a multifactorial disease with many etiological factors that were not investigated in this study (e.g., oral hygiene, sugar consumption, frequency of dental visits, risk factors, etc.). Each of these factors may affect the DMFT index. Second, the psychoactive drugs and medications used in alcohol dependency therapy (e.g., benzodiazepine) can affect the salivary flow rate. Such effects include a reduced salivary flow rate and dry mouth. Moreover, standard therapy for alcoholism in a psychiatric hospital takes approximately [8] [9] [10] [11] [12] weeks. This drug-induced period of decreased salivary flow rate may be too short to allow the development of caries or changes in the DMFT index among patients. Moreover, there is broad inter-individual variation in the prescribed doses of psychoactive drugs. Third, daily (non-alcoholic) fluid intake was not measured. This too may have affected the results. Finally, although saliva has been shown to play a significant role in the prevention of dental caries (33, 34), Hidas et al.found no evidence of reduced unstimulated salivary flow among alcoholics or any correlation with DMFT scores (35) . However, a systematic review of 21 studies revealed a chronically low salivary flow rate (<0.8-1.0 mL/min stimulated whole saliva) to be the strongest indicator of an increased risk for caries (36) . The majority of the studies examined the relationship between caries on the crowns of permanent teeth and stimulated and/or unstimulated parotid and total saliva. It appears that neither the salivary stimulation status nor the method of salivary stimulation (that is, masticatory or gustatory) is important in the calculation of caries risk. There is insufficient evidence to establish any effect of either physiological saliva or pure secretions from the parotid, submandibular/ sublingual, or minor salivary glands on caries risk (36) . There is only limited evidence that alcohol influences salivary secretion (37). Vitorino et al. reported that the pH difference between stimulated saliva unstimulated saliva is positively correlated with the DMFT index, but the results were inconclusive. The salivary test parameters used (singly or in combination) were not able to predict caries risk (38) .
In conclusion, no differences were found with respect to overall DMFT in alcoholics and the control group. Alcoholism and stimulated salivary flow rate showed no correlation. Unstimulated salivary flow rate as well as the pH values of both unstimulated and stimulated saliva, were lower in the alcoholic group. The pH levels of the unstimulated saliva did not affect DMFT, but there was a statistically significant correlation between alcoholism and the pH value of stimulated saliva. To date, few reports have investigated the effect of excessive alcohol consumption on salivary flow and pH or the correlation with DMFT values. Our findings indicate that further research is required to understand this complex problem.
